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Introduction
• Previously	showed	some	evidence	of	the	shower	vertex	CNN	

working	in	single	event	displays

• I	put	this	on	the	backburner	since	the	code	inside	LArSoft was	
slow	if	I	wanted	it	to	be	able	to	find	vertices	efficiently

• Now	tensorflow is	in	LArSoft,	have	picked	this	effort	up	again
• Retrained	the	network	using	tensorflow
• Updated	the	LArSoft implementation	of	the	ShowerVertexFindermodule	

to	take	advantage	of	the	much	higher	speed	of	tensorflow
• Can	afford	to	be	a	bit	greedier	with	my	searching	for	identified	vertices	
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Training	details	can	be	seen	here:	https://indico.fnal.gov/event/14798/contribution/1/material/slides/0.pdf



Being	greedy
• Wanted	to	have	a	little	wriggle-room	in	identifying	a	hit	as	a	

vertex	candidate
• For	each	hit,	look	at	nine	pixels	from	the	CNN,	including	the	eight	

neighbours
• With	neighbouringhits,	take	account	of

potential	overlaps	to	avoid	too	many	calls
to	the	CNN

• Option	to	ignore	hits	from:
• Track-like	clusters	from	the	EM/Track	CNN
• Tracks	tagged	as	cosmic
• Tracks	over	a	certain	length
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Methodology
• CNN	is	applied	to	each	view	individually,	and	gives	us	a	list	of	

identified	vertex	candidates	for	each	view

• Use	the	time	coordinate	(converted	to	drift	position)	to	match	
between	the	three	views
• Require	drift	coordinate	to	agree	within	1	cm	for	a	match

• Allow	matches	between	all	three	views	and	two	views	to	be	
considered
• Two	view	matches	subject	to	finding	a	hit	close	to	the	projection	of	the	

vertex	into	the	third	view
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Matched	vertices
• Plot	below	shows	all	vertices	found	in	the	three	views
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All considered	hits Unmatched vertices 2-view matched	vertices 3-view matched	vertices



Testing	sample
• The	results	I	present	today	are	based	on	the	following:

• 1000	pi-zero	decays	in	protoDUNE-SP
• Energies	Gaussian	around	500	MeV

• Somewhat	representative	of	pi-zero	energies	expected	from	 interactions	in	the	
Far	Detectors
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Event	display	example
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• Vertices	shown	as	
numbers	on	the	
wire,	time	space

• Vertices	0	and	1	
correspond	to	the	
photon	conversion	
points

• Vertices	2	and	3	
indicate	other	
similar	features



Performance
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• The	module	can	also	use	truth	information	to	match	the	
reconstructed	vertices	to	the	true	photon	conversion	points

• I	define	a	match	when	the	(reconstructed	– true)	positions	agree	
to	within	1	cm

• Not	expected	to	find	a	match	for	any	true	photon	that	converted	
outside	of	the	detector	(or	close	to	the	edge	and	travelling	
outwards)

• Next	few	slides	show	the	quality	and	efficiency	of	the	algorithm



Quality	of	matching
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• Plot	shows	the	distribution	of	the	distance	between	the	true	and	
reconstructed	shower	vertex	point

• Integrating	from	0,	the	68%	C.L.	width	=	0.43	cm
• Gaussian	fit	(above	0.1):	mean	=	0.17	cm,	sigma	=	0.37	cm
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Photon	efficiency
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• The	efficiency	calculated	using	each	decay	photon	individually	as	
a	function	of	the	photon	energy

• Take	the	ratio	of
the	photon	energy
distribution	from
all	photons	and
those	matched	to
an	identified	vertex
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Photon	efficiency
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• The	efficiency	calculated	using	each	decay	photon	individually	as	
a	function	of	the	photon	energy

• Integrated	efficiency:
• 75%

• Fitted	with	pol0	
above	200	MeV:
• 82%
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Photon	efficiency
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• The	low	efficiency	in	the	lowest	energy	bins	can	be	simply	
explained	by	the	low	energy	photons	producing	very	few	hits

• The	plateau	does	not	occur	at	100%	efficiency	mostly	due	to	the	
topology	of	some	interactions
• Photons	having	very	similar	vertex	positions
• One	photon	shower	is	completely	buried	within	the	other

• There	are	some	failures	where	by	eye	it	should	work,	but	most	
fall	into	the	above	categories.	
• These	failures	are	often	in	interactions	where	the	shower	direction	is	

parallel	to	the	readout	wires
• Effectively	reduces	the	number	of	useful	wire	planes	



Pizeros in	charged	particle	interactions
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• 3	GeV	pion	interaction

• Two	pi-zeros	produced	in	
this	event.



Pizeros in	charged	particle	interactions
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• 3	GeV	pion	interaction

• Two	pi-zeros	produced	in	
this	event.

• Reconstruct	three	of	the
photon	vertices	here
• Final	one	is	very	low

energy	and	not	seen



Pizeros in	charged	particle	interactions
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• 3	GeV	pion	interaction

• Three	pi-zeros	produced	in	
this	event.
• Only	reconstruct	two	photons

here	(vertices	0	and	1)
• One	collinear	with	track,	one

buried	in	the	big	shower,	others
quite	low	energy



Pizeros in	charged	particle	interactions
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• 3	GeV	proton	interaction

• Generally	see	lower	pi-zero
multiplicities

• Single	pi-zero	with	both
photons	clearly	visible
and	identified



Pizeros in	charged	particle	interactions
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• 3	GeV	proton	interaction

• Two	pi-zeros	here

• Two	photons	convert	right
in	the	vertex	so	are	missed

• Other	photon	missed	as	it
extends	the	red	track



Photon	efficiency
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• The	efficiency	calculated	using	each	decay	photon	individually	as	
a	function	of	the	photon	energy

3	GeV	pion	 interactions
All	decay	photons
Matched	photons

3	GeV	proton	interactions
All	decay	photons
Matched	photons



Photon	efficiency
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• The	efficiency	calculated	using	each	decay	photon	individually	as	
a	function	of	the	photon	energy

• Pion	events	typically	busier	(and	a	higher	number	of	pizeros)

3	GeV	pion	 interactions
All	decay	photons
Matched	photons

Efficiency	=	49%	(56%	above	200	MeV) Efficiency	=	51%	(61%	above	200	MeV)



Summary
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• The	shower	vertex	finding	looks	to	work	very	well	on	a	sample	of	
pi-zero	decays
• Efficiency	is	74%	(80%	for	E	>	200	MeV)

• For	beam	events	(pion	and	proton	at	3GeV),	efficiency	drops	to	
roughly	50%	(60%	above	200	MeV)

• Still	the	absolute	efficiency	isn’t	necessarily	the	right	metric,	we	
just	need	to	know	whether	a	given	shower	was	due	to	an	electron	
or	not	(gap	detection)

• Need	to	test	on	some	full	protoDUNE beam	+	cosmic	samples…



DUNE	physics	week
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• Samples	for	the	Physics	week…

• /pnfs/dune/persistent/users/lwhite86/analysisweek/showervertex/
• pizero/	- The	1000	events	presented	here
• pion3GeV/	 - The	5000	events	presented	here
• proton3GeV/	 	- The	5000	events	presented	here
• beam3GeVCosmic/	- In	progress
• fdNeutrino/	 - Hope	to	start	soon

• I	will	provide	a	code	snippet	showing	how	to	access	the	vertices

• Next	slide	shows	how	to	run	the	module



Running	the	module
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• The	code	lives	in	a	feature	branch	at	the	moment
• lhw_shwVtxCNN

• Example	.fcl file:	
/dune/app/users/lwhite86/cnnOutput/runShowerCNNReco.fcl


